Remarks concerning the analysis of thick sandwich shells are presented. The results obtained for a Mindlin type shell element and a technique which uses shell and solid elements are compared with the available analytical solution.
Introduction
Laminated fibre reinforced sandwich panels are increasingly being used in several engineering industries. In the aerospace industry, typical components are wing skins and interstages in rockets. Sandwich structures are used also in high-performance cars, see Isometsa [1] for example, fig. 1 . The practical problems in the analysis of such structures are not amenable for analytical calculations. Thus, numerical methods, mainly FEM, are used. However, in spite of large number of composite elements in the commercial FEM-software, one encounters problems, because the results of the plate and shell elements which are reliable even when the span to thickness ratio is as low as 5 when analysing isotropic structures, begin to deteriorate considerably already when the span to thickness ratio is about 20 when composite structures are considered, see e.g. Autio et al. [2] .
The aim of this paper is to present some remarks for improving the accuracy of the results when analysing thick sandwich structures. The face sheets are composed of unidirectional material oriented in the x direction (which is not clearly indicated in [3] ) and the properties are E 1 = 172,37 GPa, Ez = 6,8947 GPa, G 12 = G u = 3,4474 GPa, G 23 = 1,3789 GPa , U 12 = U 23 = 0,25 and having a ply thickness h/l0. The core properties are E 1 = s, = 0,2758 GPa, E 3 = 3,4474 GPa, G 12 =0,1103 GPa, G 13 = G 23 = 0,4137 GPa and U 12 = U 31 = u 32 = 0,25.
In FEM-analysis only a quarter of the plate was modelled because the faces of the sandwich plate allowed the use of symmetry. Some results are shown in tables 1-4 for the stress components 0x(a/2,a/2,±h/2), oy(a/2,a/2,±h/2) and txy(0,0,±h/2). As can be seen, the results of the ABAQUS shell element S8R5 are unsatisfactory already when the span to thickness ratio One way to improve the behaviour of a Mindlin type shell element is to determine the shear correction factors from the shell's shear deformation strain energy as proposed by Whitney In the chassis of the sport car there were places where the span to thickness ratio was much lower than 10. Thus, the analysis using Mindlin type shell elements seemed to be unreliable.
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The technique adopted was to combine solid elements for the core and shell elements for the faces. The combination of shell elements and solid elements is not free of problems: the number of degrees of freedom is not the same and the shape functions are not the same.
Hence, an incompatible model is obtained. One way to overcome problems raised by incompatibility is to use constraint equations (the exploded view of the model is shown in figure 3 )
between the rotational and translational degrees of freedom.
z,w
Lt n-t ----+------ The results for both the unconstrained and constrained model are presented in tables 6-7. The use of constraints (2) does not seem to give any significant improvement. Moreover, the constraints increase the bandwidth of the stiffness matrix and hence increase the computational time required for the analysis (due to the solution algorithm used in ABAQUS). However, the number of solid elements used in the thickness direction of the core seems to have a significant effect to the accuracy as indicated in tables 8-9. 
Conclusions
In the analysis of practical sandwich structures situations where one is beyond the applicability range of the shell elements (span to thickness ratio is not large enough) available in the commercial FEM-program systems are often encountered. The results presented in this paper show that considerable improvements in the accuracy when analysing sandwich plates can be achieved by the technique which adopts shell elements for the faces and solid elements for the core. Furthermore, it is more economical than to model the whole structure by solid elements.
